Introduction
Chicken pox or varicella is an acute infectious disease of childhood caused by varicella-zoster virus (VZV), belonging to the family Herpesviridae. Human beings are the only known hosts of this virus. The primary infection presents as fever and exanthematous rash but can affect almost any organ of the body. The incubation period usually ranges between 7 and 23 days (mean-2 weeks). The major route of transmission is airborne, however, transmissions via aerosols or direct contact with the blister fluid have also been reported. [1] The disease is highly contagious with an attack rate of >85% after exposure. A clinically apparent infection usually provides lifelong immunity. The disease not a notifiable disease till 2005. The varicella vaccine is not a part of the Universal Immunisation Programme in India, [12] hence outbreaks of chickenpox continue to occur in the naive unvaccinated rural population. [13, 14] The present study reports an outbreak of varicella which occurred in Burail, a field practice area of School of Public Health, Post-Graduate Institute of Medical Education and Research, Chandigarh which has approximately a population of about 34,000. The houses in the area are multi-storeyed ranging from 3 to 5 floors and having 15-20 rooms on each floor. Each room is occupied by an individual household, which include 5-7 family members. Overcrowding, poor ventilation, and lower educational status possibly promoted the spread of the virus in this locality.
Materials and Methods
The Department of Virology was informed of an outbreak of fever with rash in Burail in the 3 rd week of November, 2013 by the School of Public Health. An active surveillance of the affected locality was carried out, and blood samples were collected from 17 affected patients as a part of the outbreak investigation. A clinical case of chicken pox was defined as the occurrence of maculopapular rash in any person of any age after 23 rd October 2013. A confirmed case was defined as any case with clinical evidence suggestive of chicken pox along with laboratory confirmation of the disease either by serology or nucleic acid detection or by both. [15] Additional vesicular swab samples were also collected from 8 cases presenting with active skin lesions. Blood samples were also collected from 17 age and sex matched healthy subjects residing in the same community who had never suffered from chicken pox in the past. All the samples were collected after obtaining an informed written consent from the adult cases and from the parents in case of minor children. The samples were transported to the virology laboratory in the cold chain. The study was approved by the Institutional Ethics Committee as per the national guidelines.
Serology
Sera were separated and stored at −70°C in aliquots until tested. The VZV specific IgM and IgG antibodies were detected using commercially available kits (Demeditec diagnostics, GmbH, Germany) as per the manufacturer's instructions.
Polymerase chain reaction
The DNA was extracted from the vesicular swabs using commercially available kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. The DNA was finally eluted in 50 µL of elution buffer. It was then subjected to polymerase chain reaction (PCR) targeting ORF28 gene of VZV. [16] The PCR was performed in 25 µL volume reactions containing 5 µL of DNA. The reaction mixture consisted of 1X PCR buffer (10 mM Tris with 15 mM MgCl 2 ), 1 µM of each primer, 200 µM of dNTPs, and 0.5 U Taq polymerase. The thermocycler conditions were 94°C for 3 min followed by 39 cycles at 94°C for 30 s, 55°C for 30 s, and 72°C for 45 s and final extension at 72°C for 3 min. The amplicons of 355 bp were visualised by gel electrophoresis using 2% agarose gel followed by ethidium bromide staining. The following primers were used:
Forward primer: 5'ATCGCGGCTTGTTGTTTGTCTAAT3'.
Reverse primer:
The representative samples were sequenced and submitted to the Gen Bank vide accession numbers KJ419348 and KJ419349.
Results

Demography
A total of 18 laboratory confirmed cases of varicella occurred in the present outbreak. The age of the patients ranged from 4 months to 25 years (mean age -12 years). The majority (67%) of the affected cases were <15 years of age. Of the 18 cases, 4 were males, and 14 were females (M: F ratio -1:3.5).
Clinical features
The most common clinical manifestations observed were rash (100%) and fever (89%). The rash was generalised in all of the cases, and the first site was the trunk in the majority (78%) of the patients. The typical presentation was vesicles (66.6%, 12/18) followed by a maculopapular rash with the majority (78%) of the patients presenting with 50-249 lesions. The history of contact with a case of chickenpox was available in all the patients while none of them gave a history of vaccination against VZV. All the cases recovered spontaneously without any major complications.
Serological profile
On testing the blood samples received from 17 clinically suspected cases, VZV IgM antibodies could be detected in 13 (76.5%) cases, and VZV IgG antibodies were detected in 9 (52.9%) cases. A total of 11 (64.7%) patients showed the presence of both VZV IgM and IgG antibodies. VZV IgM positive, healthy controls were followed up, and four developed clinical disease while the remaining two remained asymptomatic.
Polymerase chain reaction
Of the eight vesicular swab samples from patients with active lesions, VZV DNA could be detected in 5 samples (62.5%). Of these, five positive samples, four were also positive for VZV IgM antibodies. Table 1 shows the details of active varicella cases along with their serological and molecular profile.
Discussion
The present study describes a focal outbreak of chicken pox that occurred in an urbanised village located on the outskirts of a well-planned modern city in Northern India. This area is over-populated with the residents living in poorly engineered houses with poor ventilation facilities, which led to the spread of the virus. Outbreaks of chicken pox have previously been reported worldwide and also from India. [17] Nosocomial outbreaks have been reported in the institutional set-ups involving the health care personnel. [18, 19] In an outbreak among nursing students in a tertiary health care centre, the index case spread the disease to eight other students. In another outbreak from Rajasthan, 14 health care workers in a tertiary care hospital acquired the infection from a 23 years old renal transplant recipient. [18, 19] A community-wide outbreak has also been reported around Chandigarh wherein a total of 162 cases occurred. [20] This particular outbreak was traced back to a primary case who was a 20-year-old female tutor. Her diagnosis was missed by a primary health care worker and the disease spread to her contacts.
In the present outbreak, the index case was a 2-year-old female child suffering from fever and rash in the 3 rd week of November 2013. An active surveillance revealed that the primary case was a 10-year-old school going male child who developed symptoms on 23 rd October 2013. This child spread the disease to few of his classmates who in turn spread the disease to their household and neighbourhood contacts. The majority of affected cases were children which is typical of chicken pox. Most of the patients had typical vesicular lesions, which were commonly seen on the trunk while a few had lesions on the scalp, face, and extremities.
A total of 18 laboratory confirmed cases of varicella occurred in the present outbreak. The typical laboratory diagnosis of VZV rests on the detection of VZV specific IgM antibodies, which could be detected in 76.5% (13/17) of the clinically suspected cases. Viral DNA was detected in the vesicular swab of 62.5% (5/8) cases, one of whom was negative for VZV IgM antibodies. Of the 18 laboratory cases, 13 were the patients with the clinically suspected disease who were positive for VZV IgM antibodies. Four patients were actually enrolled in the study as healthy controls but were further followed up owing to the VZV IgM antibody positivity and developed the disease (possibly in the incubation phase at the time of sample collection) while one case was VZV DNA positive in the absence of an IgM antibody response. The absence of antibody response in the latter case may be explained by the fact that the blood sample was collected on the day 1 of the illness which is too early for an IgM antibody response to appear. In the present study, two patients were found to have subclinical infections since they were positive for VZV IgM antibodies but did not develop any disease on subsequent follow-up. [21] The VZV IgG positivity in 31% of the controls can be attributed to past infection with the virus.
Detection of the viral genome by PCR in the vesicular swab samples yielded positive results in 62.5% of the total samples tested. The viral DNA could be detected from the vesicular swab samples even up to 7 days after the onset of illness. Studies have shown that the detection of VZV from vesicle swabs had a sensitivity of 97-100% [22] which is much higher than that of electron microscopy and culture methods. [23] It has also been shown that PCR from the vesicle fluid is a highly sensitive technique and can detect even 6 copies of the virus and hence may be very useful for early diagnosis. [24] This will help in the early isolation of the patients, thereby preventing the spread of the outbreak.
The Indian Academy of Paediatrics -Committee on Immunisation recommends the administration of varicella vaccine in children aged 15 months or older. [19] Many preparations of the vaccine are available all over India in the private sector and as per the recommendation, the first dose should be given at an age of 15 months followed by a second dose at 4-6 years. However, this vaccine is not being given in the Universal Immunisation Programme, so the countrywide coverage is inadequate leading to frequent outbreaks. Puri et al. have reported a coverage as low as 2.8% in under five children in Chandigarh with the majority (91.9%) of them being immunised in the private sector. [25] This is quite lower as compared to the 86-91% vaccination coverage to establish the necessary herd immunity to prevent outbreaks. [26] This poor vaccination coverage, along with overcrowding, the ambient temperature during winters, and the poor literacy rate of the population facilitated the easy spread of the virus. The efficacy of the varicella vaccine can be shown by the fact that it can reduce the severity of the illness even if it is used within 3-5 days after exposure to the infection. [27] In conclusion, present paper highlights the need for varicella vaccine introduction in the Indian immunisation schedule to prevent outbreaks in community settings as has been documented after the introduction of a two-dose varicella vaccination programme in United States of America. [28] However, this is an expensive vaccine and in developing countries like India the cost-benefit analysis needs to be carried out before implementing any such policies. [12] 
